Abstract: Antileishmanial drugs used in the treatment of leishmaniasis are toxic and expensive. Moreover, parasites have recently developed resistance against them. Hence there is an increasing need for developing new antileishmanial medicines. Quercetin, found in the roots, leaves and fruits of many plants, is a natural polyphenolic flavonoid. Quercetin has antibacterial, antiviral, anti-carcinogenic, and antioxidant properties. On the other hand, because of its weak solubility in water, quercetin has had limited use on humans. To increase its bio-availability and maximize its therapeutic effects, quercetin has recently been encapsulated with nanoparticulate carrier systems. The aim of this study is to encapsulate quercetin in biodegradable, bio-compatible poly-ε-caprolactone (PCL) nanoparticles, to characterize the synthesized nanoparticles and to analyze their in vitro antileishmanial efficacy on L.infantum parasites. Quercetinloaded PCL nanoparticles (QPNPs) were synthesized using oil-in-water single emulsion solvent evaporation method. Their characterization was done using scanning electron microscopy (SEM) and dynamic light scattering (DLS) equipments. Encapsulation effectiveness and release profiles of QPNPs are calculated with UV-Vis spectrophotometry. The antileishmanial effectiveness of the synthesized nanoparticles was analyzed in L.infantum promastigote culture and amastigote-macrophage culture. The results indicated that QPNPs had an average size of 380 nm, a zeta potential of -6.56 mV, and a PDI value of 0.21. The measurements showed the quercetin-loaded nanoparticles to have an encapsulation effectiveness of 64% and a reaction efficiency of 55%. After an incubation of 192 hours, nanoparticles were seen to release 58% of their quercetin content. The synthesized QPNPs had IC50 values on L.infantum promastigotes and amastigotes of 86 and 144 µg/mL respectively. This means that QPNPs have reduced the vitality of promastigotes about 20 times and of amastigotes about 5 times as compared to the control group. These results demonstrate the strong antileishmanial potentials of QPNPs. It is believed that if these positive findings are supported by further in vivo studies, QPNPs may be used in the treatment of leishmaniasis.
INTRODUCTION
Leishmaniasis disease, caused by the Leishmania parasites, which are among the obligate intracellular protozoans, is one of the most important health concerns of our country and the world (1) . The disease has three different clinical forms, cutaneous, visceral, and mucocutaneous. Its most common form, Cutaneous Leishmaniasis (CL), is a severe disease that causes the occurrence of single or multiple large lesions that can usually remain unhealed at the open areas of the body such as hands, face, arms, and legs. Another form of the disease, Visceral Leishmaniasis, causes hepatosplenomegaly in patients' visceral organs such as liver and spleen, and can have severe clinical manifestations that can lead to death if left untreated. Mucocutaneous Leishmaniasis is another form of the disease that mostly involves mucosal membranes and causes severe damage to organs such as mouth and nose, and sometimes leads to loss of the organ (2, 3) . Currently, leishmaniasis is an endemic disease seen in 98 countries of the world, including Turkey. It is estimated that a total of 12 million people worldwide are infected with Leishmania parasites and about 300 million people at risk of developing the disease. According to the report published by the World Health Organization, it is estimated that a total of 1.5 million people develop CL, while 500.000 people develop VL annually worldwide. According to the same report, it is estimated that each year, 60.000 people die due to the complications mediated by VL (4) (5) (6) (7) . Due to the fact that global warming and climate change increased their influence around the world, there is a concern that there would be an increase in the number of cases and mortality rate (8, 9) . No vaccines with protective effect have been developed against the disease. Therefore, the only alternative in fighting against this disease is therapeutic practices. On the other hand, toxicity and the high cost of the drugs used in the treatment of leishmaniasis and the decrease in their effect with time, are the disadvantages of these drugs (10, 11) . Moreover, in recent years, the parasites have developed resistance to anti-leishmania drugs (12) . These conditions restrict the use of the existing antileishmania drugs in the treatment of the disease. Due to all these reasons, there is a significant need for the development of novel drug formulations to be used in the treatment of leishmaniasis.
In recent years, the use of herbal compounds in therapeutic practices is increasing rapidly (13) . Quercetin is an important flavonoid that can be isolated from nearly 20 different plant species. Due to its antioxidant, anti-inflammatory, antibacterial, antiviral, antimutagenic, and anticarcinogenic properties, quercetin has been attracting the attention of especially pharmaceutical and food industries (14) (15) (16) . Quercetin is considered as one of the best antioxidant flavonoids due to a large number of hydroxyl groups in its chemical structure (17) . In contrast, due to its poor water solubility, inability to maintain its stability within the biological systems, and short half-life, the use of quercetin in clinical practices has been limited. Therefore, in order to increase the bioavailability of quercetin, use of the appropriate carrier systems is required (18, 19) . Polycaprolactone (PCL), is a biodegradable polyester synthesized by the ring opening polymerization of ε-caprolactone. PCL is degraded by the hydrolysis of its ester linkages under physiological conditions. Due to this property, PCL has been used in drug carrier systems as a biomaterial that allows long-term release. At the same time, as PCL is non-toxic, biocompatible and FDA-approved, the interest in the use of this polymer in clinical studies has increased. In most of the previous studies, it has been reported that the therapeutic efficiency of the molecules with low stability and solubility has increased upon their encapsulation by the PCL nanoparticles, and more efficient drug formulations are developed (20, 21 
Preparation
of Quercetin-Loaded PCL Nanoparticles Quercetin-loaded PCL nanoparticles (QPNPs) were prepared by an o/w single solvent evaporation method. Briefly, 100 mg of ε-caprolactone was dissolved in 5 mL of DCM. Then 10 mg of quercetin was added into the organic phase. The organic phase was dropwise added into 25 mL of an aqueous phase including PVA (2 % w/w) as a stabilizer. The mixture was emulsified for 5 minutes with a probe sonicator (Bandelin Sonopuls, Germany) at 80% amplitude in an ice bath. Evaporation of DCM from the emulsion was carried out by stirring at 750 rpm for 4 h. Nanoparticle suspensions were centrifuged at 14,000 rpm for 30 minutes. The pellet was rinsed twice with deionized distilled water. The obtained pellet was lyophilized for 48 h and stored at -40 °C until use.
Characterization of nanoparticles
Particle size, polydispersity index and zeta potential Particle size, polydispersity index and zeta potential were identified by photon correlation spectroscopy (PCS) by using a Zetasizer Nano ZS (Malvern Instruments, Malvern, UK). Size measurements were performed in triplicate following preparation of nanoparticle suspensions by diluting in distilled water at a ratio of 1/100 (v/v) at 25 °C. The polydispersity index range was evaluated at between 0 and 1. The zeta potential analysis for synthetized nanoparticles was performed by using the same instrument at 25 °C.
Scanning electron microscopy
Lyophilized nanoparticles were fixed on metallic studs like a thin film using adhesive tape and then coated with gold under vacuum. The particles were monitored by using an Evo LS10 (Zeiss, Welwyn Garden City, UK) scanning electron microscope (SEM) at enhanced voltage of 10-20 kV.
Encapsulation efficiency measurements
The encapsulated amount of quercetin was determined by measuring the amount of quercetin remained in supernatant following to centrifugation process by using UV-Vis spectrophotometry at 374 nm. The quantification was done in triplicate.
In order to determine non-encapsulated quercetin concentrations in the supernatant, a standard calibration curve of quercetin that was prepared at various concentrations was used. The concentration of encapsulated quercetin was ascertained by calculating the differences between initial concentrations of quercetin (10 mg) and the concentration of free quercetin remained in the supernatant. The reaction yield (RY) and encapsulation efficiency (EE) of quercetin was calculated by using the following formulas: In vitro drug release studies In order to provide release of quercetin, 5 mg of quercetin encapsulated in PCL nanoparticles were suspended in 3 mL PBS at pH 7.4. Then suspension was incubated in a shaker incubator at 37 °C. At appropriate intervals, nanoparticles were centrifuged at 12,000 rpm for 20 min and the supernatant was collected for the analysis. The amount of released quercetin within the supernatant was evaluated by UV spectrophotometer as described previously.
Leishmania infantum Promastigote Culture
Leishmania infantum (L. infantum) promastigotes were cultivated in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS) at 27 °C. Metacyclic promastigotes were harvested at late log phase following to 120 h incubation.
J774 Macrophage Cell Culture
J774 macrophage cells were grown in RPMI 1640 medium supplemented with 100 U/mL penicillinstreptomycin and 10% FBS. Afterwards, macrophages were incubated at 37 °C incubator with 5% CO2.
Cell Viability Assay
Cytotoxicity analysis of QPNPs and free nanoparticles were performed on J774 macrophage cells. At first, 1 x 10 4 macrophage cells were seeded into each wells of 96-well plates and incubated for 24 h to allow cellular attachment. Then macrophages were exposed to free PCL nanoparticles and QPNPs at various concentrations ranging between 50 and 1000 µg/mL for 144 h. Cells that were not treated with neither free or loaded nanoparticles were identified as positive control. MTT test was used in order to detect cellular viabilities of macrophages after their exposure to different concentrations of formulations. For that purpose, 10 µL of MTT reactant (Thiazolyl Blue Tetrazolium Bromide) (10 mg/mL) was included into each well and cells were then incubated for 4 h. Following to incubation, DMSO was put into each wells in order to dissolve the formazan crystals. Absorbance values was measured at 570 nm using a microplate reader (Thermo Scientific, Multiskan FC).
Anti-promastigote Assay
Antileishmanial activities of quercetin-loaded PCL nanoparticles and free nanoparticles were performed on L. infantum promastigotes and amastigotes, in vitro. For anti-promastigote assay, 5 x10 5 L. infantum promastigotes were transfered into a 6-well plate and cells were incubated at 27 °C for 24 h. Afterwards, various concentrations of quercetin-encapsulated PCL nanoparticles and free nanoparticles varying between 50 and 1000 µg/mL was added into wells. Treated promastigotes were incubated at 27 °C for 192 h. The number of viable promastigotes for each groups were counted with hemocytometer at the end of 96 and 192 h incubation period. For that purpose, a 50-μL L. infantum promastigote culture that was taken from each well was fixed with 2% formalin at a ratio of 1:10. Afterwards, suspensions were transferred into a hemocytometer, and the slide was investigated in an inverted microscope (Olympos CKX41). IC50 values of loaded and empty nanoparticles were determined by evaluating the concentration that inhibited half of L. infantum promastigotes.
Determination of Anti-amastigote Efficacies
Studies on determination of anti-amastigote effects of quercetin loaded and free nanoparticles were performed on amastigote-macrophage culture. For that purpose, 2.5 x 10 4 J774 macrophage cells were seeded into 6-well plates and incubated at 37 °C. Following to 24 h incubation, 2.5 x 10 5 L. infantum promastigotes were added into each well in order to provide infection of macrophage cells by parasites. After 4 h incubation at 37 °C, non-phagocytized promastigotes were removed by washing the plates triplicate with PBS. Thus, amastigotemacrophage culture was established. After that, various concentrations of quercetin loaded PCL nanoparticles and free nanoparticles ranginig between 50 and 1000 µg/mL were included into 6-well plates in order to find efficacies of nanoparticles on L. infantum amastigotes.
Treated amastigote-macrophage culture was incubated at 37 °C for 192 h. Following to incubation, all wells were rinsed three times with sterile PBS and then fixed with methanol for 10 min. Afterwards, each well was stained with giemsa for 3 min and was washed with PBS following incubation. Then, slides that were inserted into each well were removed and investigated on inverted microscope at 100X dimensions. The infection index of all samples were evaluated by multiplying % infectivity values with amastigote number per macrophages. % infectivity was assessed by dividing the number of infected macrophages with the number of all macrophages in the zone.
RESULTS

Characterization
of synthetized nanoparticles Characterization of the QPNPs and empty PCL nanoparticles was performed using scanning electron microscope and Zetasizer equipment. At the same time, the reaction yields and encapsulation practices of the quercetin-loaded nanoparticles were calculated and nanoparticles were characterized. In Figure 1 , a view of the SEM analysis of QPNPs is provided. As it can be seen from the image, the nanoparticles that are synthesized are round, uniform, and smooth. At the same time, the nanoparticles are close to each other in size. Their sizes vary between 200-400 nm. Figure 2 . It is estimated that the difference in size between the empty and loaded nanoparticles can be due to the encapsulation of quercetin by the PCL nanoparticles. On the other hand, polydispersity index (PDI) values, zeta potentials, encapsulation efficiencies and reaction yield of the empty and loaded nanoparticles are given in Table 1 . As can be seen from the table, the zeta potentials of the empty nanoparticles and QPNPs are -4.92 and -6.56, respectively.
Negative values of the zeta potentials are due to the carboxyl end groups of the PCL polymers.
When PDI values of the empty and quercetinloaded nanoparticles are analyzed, it was found that this value varied between 0.11 and 0.21 for the empty nanoparticle. These results show that the synthesized nanoparticles are close to each other in terms of size and are distributed homogeneously. In Table 1 , it was shown that for the quercetin-loaded nanoparticles, the encapsulation efficiency is 64% and the reaction yield is 55%. 
In vitro Release Study
In order to determine the in vitro release of quercetin from the nanoparticle formulations, a dissolution method performed at pH 7.4 was used. 240 h cumulative release profiles of the quercetin-loaded nanoparticles are shown in Figure 3 . As it can be seen from the graph, within the first 4 h, drug-loaded nanoparticles had a 9% initial burst effect. The amount of quercetin released from the nanoparticles until the 144 th hour of the incubation increased every day. At the end of the 144 th hour, the total amount of quercetin released from the PCL nanoparticles was 2.2 mg. This shows that the nanoparticles release approximately 32% of their quercetin load at the end of the 144-hour-long incubation. The release study was continued for 240 hours. At the end of 240 hours, it was found that the nanoparticles released approximately 58% quercetin. The cumulative amount of quercetin released from the beginning until the 240 th h was calculated as 3.6 mg. 
Cytotoxicity Analysis
Cytotoxicity analysis for different concentrations of quercetin, quercetin-loaded PCL nanoparticles, and empty nanoparticles was performed using J774 cells. As it can be seen in Figure 4 , the toxic effects of empty nanoparticles and quercetinloaded nanoparticles on J774 cells are quite low. In particular, it was found that the vitality of these cells exposed to these nanoparticles at low concentrations is nearly the same with the control. The vitality rates of the cells exposed to the highest concentration (1000 µg/mL) of empty nanoparticles and QPNPs were found to be %90 and %84, respectively. On the other hand, cytotoxic effects of quercetin on cells was found to be higher compared to the other groups. It was found that the cells exposed to 1000 µg/mL quercetin had their vitality reduced to 66%. 
Identification of the Anti-Promastigotic Activity
In the study, the activities of quercetin alone, quercetin-loaded PCL nanoparticles, and empty PCL nanoparticles on L. infantum promastigotes were studied using the measurements taken at the 192 nd hour of the incubation. As can be seen from Figure 5 , it was found that quercetin alone and QPNPs show high levels of antileishmanial activity on L. infantum promastigotes. However, empty nanoparticles have very low antileishmanial activity on L. infantum parasites. The activities of quercetin and QPNPs increase depending on the concentration. It was found that while the vitality rate of L. infantum parasites exposed to quercetin at a 50 μg/mL concentration was 77%, the vitality of those exposed to 1000 μg/mL decreased to 20% ( Figure 5 ). On the other hand, it was found that QPNPs have a higher antileishmanial activity compared to the quercetin alone. While the vitality rate of L. infantum parasites exposed to 50 μg/mL QPNPs was 69%, this ratio decreased gradually depending on the increase in the concentration and the vitality finally decreased to 8% for the L. infantum promastigotes exposed to 1000 μg/mL quercetin. On the other hand, it was found that the vitality rate was around 80% for the group exposed to the empty nanoparticles at the highest concentration. Upon analyzing the IC50 values of the formulations, it was found that these values were 86 µg/mL, 149 µg/mL, and >1000 µg/mL for quercetin-loaded PCL nanoparticles, quercetin, and empty nanoparticles, respectively. As can be seen, among the formulations, QPNPs had the highest activity. The activity of quercetin on parasites increased after being encapsulated in the PCL nanoparticles. On the other hand, it was found that the empty nanoparticles did not have a significant effect on parasites. 
Identification of the Anti-Amastigotic Activity
In order to investigate the activities of quercetin alone, empty, and QPNPs on L. infantum amastigotes, infection indices of the infected macrophages on which the formulations were applied were calculated. Compared to the control group on which no formulations were applied, the change in the infection indices of the macrophages in the experimental groups revealed whether the formulations had a concentration-dependent effect on amastigotes. Infection index of the macrophages in the control group was 205. In the experimental group on which empty nanoparticles were applied, it was found that the infection index varied between 192 and 169 depending on the concentration ( Figure  6 ). As can be seen, empty nanoparticles did not have a significant effect on L. infantum amastigotes. In contrast, the anti-amastigotic activity of quercetin alone and QPNPs were higher than the control and empty nanoparticle groups.
Infection indices of the macrophages exposed to quercetin alone varied between 164 and 69. Infection indices of the macrophages exposed to 50 µg/mL quercetin were 164, whereas that of the macrophages exposed to 1000 µg/mL quercetin was 69. IC50 value of quercetin on L. infantum amastigotes was 300 µg/mL. It was found that QPNPs have a higher anti-amastigotic activity compared to the application of quercetin alone. While the infection index of the macrophages exposed to 50 μg/mL QPNPs was 146, that of the macrophages exposed to 1000 μg/mL was 45. As can be seen, compared to the control group, QPNPs decreased Leishmania amastigotes by 5 fold when used at the highest concentration. The IC50 value of the QPNPs on L. infantum amastigotes was calculated as 144 μg/mL. These results suggest that quercetinloaded nanoparticles have a 2-fold higher antiamasigotic activity compared to the quercetin alone. 
DISCUSSION
Currently used anti-leishmanial drugs have various disadvantages such as toxicity, resistance, and high cost. Thus, there have been studies toward the development of new generation antileishmanial compounds in the recent years (23) . Quercetin molecule, which is obtained from various plants, is one of the strongest known flavonoids. Anti-microbial, antioxidant, anti-carcinogenic and anti-inflammatory effects of quercetin have been proven in the previous studies (24) (25) (26) . However, low water solubility of this molecule reduces its applicability in clinical practices. Therefore, encapsulation of quercetin by carrier systems in order to increase its solubility, bio-availability and therapeutic efficiency has been considered as an appropriate method. In this study, we encapsulated quercetin molecule in PCL nanoparticles and investigated the antileishmanial activities of the formulations on L. infantum promastigotes and amastigotes in vitro.
Encapsulation of quercetin by PCL nanoparticles was performed using oil-in-water single emulsion solvent evaporation technique. In the study by Arasoglu et al., this technique was shown to be more successful than nano-precipitation and salting out techniques used in the encapsulation of quercetin by PLGA nanoparticles. In the same study, it was found that the nanoparticles synthesized using single emulsion solvent evaporation have higher reaction yield and have a more significant antibacterial activity compared to the nanoparticles synthesized by other techniques (27) . Size analysis and other characterization tests of the nanoparticles we prepared using oil-in-water single emulsion solvent evaporation technique were performed using SEM and zetasizer devices. According to the zetasizer analysis, the average size of empty nanoparticles was approximately 220 nm, and the average size of quercetin-loaded nanoparticles was approximately 350 nm. The larger size of the quercetin-loaded nanoparticles compared to the empty nanoparticles can be considered as an indicator of the efficient and effective encapsulation of quercetin by the PCL nanoparticles. In the previous studies, it was stated that the drug-loaded nanoparticles can be larger in size compared to the empty nanoparticles (28, 29) . It was found that, particularly in cancer research, carrier systems smaller than 500 nm are more successful in delivering the drugs to the target tissues, therefore enabling active transport (30) . On the other hand, it is known that nanoparticles larger than 200 nm are more effective in targeting macrophages that are used as host cells by the parasites, and that the nanoparticles of this size are phagocytosed by the macrophages (31). Thus, due to their size, it is estimated that the nanoparticles obtained in our study can directly target the parasites living inside the macrophages. Negative zeta potentials of the synthesized nanoparticles can be completely correlated with the negatively charged carboxyl groups of the used PCL polymer. Low PDI values is an indicator that the synthesized nanoparticles are close to each other in size. Based on the uptake analysis, it was found that following 240 hours of incubation, PCL nanoparticles release approximately 58% of the quercetin they contain into the environment. As known, PCL nanoparticles decompose more slowly than the other polymeric nanoparticles used in the drug carrier systems, especially PLGA. The reasons behind this are that PCL has a higher molecular weight and is more hydrophobic (32) . In a study similar to the one we performed, Pathak et al. encapsulated the antibiotics doxycycline and metronidazole in PCL nanoparticles and investigated the activity of the synthesized nanoparticles in the treatment of intravaginal inflammatory diseases. In the release analysis performed within the context of the said study, it was found that the synthesized nanoparticles release approximately 60-70% of the drug molecules they contain at the end of the incubation period of 14 days. These results corroborate the results we obtained in our study (33) .
Following the synthesis and characterization, we investigated the in vitro antileishmanial activities of the QPNPs we synthesized on L. infantum promastigotes and amastigotes. Antileishmanial activity of quercetin, one of the strongest known flavonoids, has been shown in previous studies. In a study by Belkhelfa-Slimani et al. in 2016, the apoptotic effects and cytotoxic activities of caffeic acid and quercetin on Leishmania major promastigotes were studied. In that study, it was found that caffeic acid and quercetin at a concentration of 400 µmol/L decrease the vitality of L. major parasites by 68.90% and 59.22%, respectively. In the same study, it was shown that quercetin leads to caspase-independent apoptosis in parasites and cause cell death (34). The antileishmanial activity of quercetin is thought to be related to the production of reactive oxygen species (ROS), of which parasites are highly sensitive, causing damage to the mitochondria and cell membranes of parasites and inhibiting the nucleic acid synthesis. Due to these properties, quercetin and quercetincontaining extracts are known as strong antiparasitic agents (35, 36) . However, as discussed earlier, low water solubility of quercetin is one of the most significant obstacles to the development of quercetin-based drug molecules. In recent years, studies have been performed toward the production of quercetin-loaded polymeric carrier systems to eliminate this obstacle and increase the therapeutic activity of quercetin. In these studies, PLGA nanoparticles are frequently used. Arasoglu et al. have investigated the antibacterial activities of the quercetin-loaded PLGA nanoparticles prepared using various synthesis methods on foodborne pathogens such as Listeria monocytogenes, Salmonella typhimurium, Escherichia coli, and Staphylococcus aureus. While quercetin and quercetin-loaded PLGA nanoparticles showed nearly similar levels of antibacterial activity on Salmonella typhimurium, Escherichia coli, and Staphylococcus aureus, quercetin-loaded PLGA nanoparticles showed higher level of antibacterial activity on Listeria monocytogenes. The MIC value of quercetin-loaded PLGA nanoparticles on these bacteria was 100 µg/mL whereas the MIC value of quercetin alone was 200 µg/mL (27) . In a similar study from 2016, Sun et al. investigated the in vitro and in vivo antibacterial effects of quercetin-loaded PLGA nanoparticles on E. coli and Micrococcus tetragenus bacteria. Unlike the other study, quercetin-loaded nanoparticles had a higher level of antibacterial activity compared to the quercetin alone. Based on the results, the vitality of the E. coli exposed to 70 µL quercetinloaded PLGA nanoparticle decreased by 92% whereas this rate was 66% in the E. coli exposed to quercetin alone. Similarly, the vitality of the M. tetragenus exposed to the nanoparticles loaded with the same dose was calculated as 26% and the vitality of the bacteria exposed to quercetin was calculated as 49%. Based on these results, it can be said that quercetin and quercetin-loaded PLGA nanoparticles have a higher antimicrobial effect on E. coli than on M. tetragenus. Moreover, it was found that the therapeutic activity of quercetin increases upon its encapsulation by the PLGA nanoparticles (37) . On the other hand, so far no studies have been performed on the encapsulation of the quercetin by the biocompatible, biodegradable, FDA-approved polymer PCL and its antileishmanial activities. In the present study, in vitro antileishmanial activities of the QPNPs on L. infantum promastigotes and amastigotes are investigated for the first time. Based on the results, the IC50 values of the QPNPs on L. infantum promastigotes and amastigotes were calculated as 86 and 144 μg/mL, respectively. On the other hand, the IC50 values of quercetin on L. infantum promastigotes and amastigotes were calculated as 149 and 300 µg/mL. These results indicate that the antileishmanial activity of the quercetin encapsulated in the PCL nanoparticles increases significantly. At the same time, it was found that QPNPs are more effective on L. infantum promastigotes than on amastigotes. Since the nanoparticles should be penetrated inside the macrophages in order to contact with the amastigotes, their efficiency on amastigotes can be lower. It has also been emphasized in previous studies that in order for the drug-loaded nanoparticles to penetrate in the macrophages more efficiently and inhibit amastigotes, they should be applied at higher concentrations than the concentrations required for the promastigotes. On the other hand, it was found that QPNPs inhibited 78% of the amastigotes when used at the highest concentration after 192 hours of incubation. Considering that nanoparticles only allow 50% quercetin release within that period, it is estimated that after longer incubation periods, more of the quercetin can be released, and thus, nearly all of the amastigotes can be inhibited.
In conclusion, within the context of this study, encapsulation of the quercetin in PCL nanoparticles has been performed with success for the first time, and the significant antileishmanial activity of the QPNPs on L. infantum promastigotes and amastigotes has been observed. These promising data suggest that QPNPs can be successful in the eradication of leishmaniasis. In case of obtaining positive results in the in vivo studies, QPNPs can be used in the treatment of leishmaniasis.
